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Abstract

We investigated the effects dfR)-(—)-5-methyl-1-nicotinoyl-2-pyrazolind MS-1%3 , which is reported to accelerate glutamate
uptake, on the development of morphine tolerance and physical dependence in mice. For the induction of morphine tolerance and
dependence, mice were twice daily treated with morplfine 10-43kmgs.c) for 5 days. First, co-administration of MS-163 12.5
mg/kg, s.c) did not affect the morphine’s potency for its acute antinociceptive éffect 1 ang'Bgngic) . Next, co-administrations of
MS-153(1, 3 and 12.5 mgkg, s.c) during repeated morphine treatments significantly attenuated the development of tolerance to the
antinociceptive effect of morphine 3 rjigg, s.c) and suppressed the naloxéne 1Q/kuy i.p.)-precipitated withdrawal sigris jumps
and body weight lo9s . The inhibitory effect of MS-153 on the withdrawal signs was due to the attenuation of the development of
dependence rather than that of expression of withdrawal signs. These results suggest that MS-153, a glutamate transporter activator, h:
an inhibitory effect on the development of morphine tolerance and physical depend2@6@1 Elsevier Science B.V. All rights
reserved.
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1. Introduction ceptor antagonists Fundytus and Coderre, 1994; Fundytus

et al., 1997 attenuated the development of morphine

Although morphine is widely used in the clinical man- tolerance and physical dependence without affecting the

agement of pain, repeated use may lead to the developmenéntinociceptive effect of morphine. Furthermore, morphine
of tolerance and dependence, which limits its usefulness.withdrawal-induced hyperactivity of locus coeruleus neu-
Although the mechanisms of the development of tolerance rons was reported to be attenuated by intracoerulear injec-
to and dependence on morphine have been vigorouslytion of kynurenic acid and antagonists selective for either
investigated, it still remains unclear. Recent evidence sup-NMDA or non-NMDA glutamate receptor6 Akaoka and
ports the involvement of glutamate, an excitatory neu- Aston-Jones, 1991 . Recently, neurochemical studies using
rotransmitter, in them( Zhu et al,, 1998 . It has been in vivo microdialysis method has directly shown an eleva-
shown that several non-competitive and competitive tion of extracellular glutamate level within the locus
NMDA receptor antagonists such @s-)-5-methyl-10,11- coeruleus during naloxone-precipitated morphine with-
dihydro-5H-dibenzd a, d)cycloheptan-5,10-imine( MK-  drawal ( Aghajanian et al., 1994; Zhang et al., 1994 .
80D (Marek et al., 1991a,b; Trujillo and Akil, 1991, Indeed, ketamine is clinically used to potentiate morphine’s
ketamine ( Koyuncuoglu et al., 1990; Shimoyama et al., analgesic effect and to attenuate morphine tolerance and
19960 and (+)-6-phosphonomethyl-decahydroisoquino- dependencé Yang et al., 1996; Bell, 1999 , although its
line-3-carboxylic acid ( LY2746D4 ( Rasmussen et al., clinical utility is limited by its psychotomimetic side ef-
1991, AMPA receptor antagonidts Rasmussen et al., 1996;fects.
McLemore et al., 1997 , and metabotropic glutamate re-  (R)-(—)-5-methyl-1-nicotinoyl-2-pyrazolind MS-133 ,

a novel cerebroprotective agent, has been shown to reduce

the area of cerebral infarction and to minimize neurologi-
T Corresponding author. Tel:+81-75-753-4526; fax: +81-75-753- cal deficits induced by middle cerebral artery occlusion in
4586. rats( Umemura et al., 1996; Kawazura et al., 1997 . It has

E-mail address: msatoh@pharm.kyoto-u.acf{p M. Saioh . been reported that MS-153 reduced the elevation of extra-
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cellular glutamate level at the ischemic penumbra zone animal was measured following three additional habitua-

during occlusion of the middle cerebral artdry Umemura tion procedures, and the threshold value was taken as a

et al., 1996 . Recently, Shimada et &l. 1999 found that base value at time 0. Within 10 min after measuring the

MS-153 accelerated glutamate uptake through a glial gluta- base value, the drugs were administered, and the nocicep-

mate transportef GLT)1 expressed in CO$-7 CV-1 Ori- tive thresholds were measured at 15, 30, 60, 90, 120 and

gin, SV40 cells, and inhibited the depolarization- and 150 min after the administration. The area under the curve

ischemia-induced efflux of glutamate, but not other amino (AUC) values were obtained by calculating the area be-

acids, in rat hippocampal slices. These findings suggesttween the base value and the curve for the time course of

that MS-153 could be used as one of glutamate transporterthe nociceptive threshold from 0 to 150 min after the

activator. administration.

In the present study, to examine the role of glutamate

transporter in the development of tolerance to and physical 2.5. Measurement of naloxone-precipitated morphine with-

dependence on morphine, we investigated the effects ofdrawal

co-administration of MS-153 with morphine on the devel-

opment of morphine tolerance and physical dependence in  Development of morphine dependence was assessed

mice. from naloxone-precipitated withdrawal jumps and body
weight loss 2 h after the final administration of morphine
on day 5, as described previougly Katsumata et al., 1995 .

2. Materials and methods

2.1. Animals (A) Time course
Male ddY mice weighing 20—-24 g were used. They
were kept at a constant ambient temperature o#23C 5 500 1
under a 12-h lightdark cycle with free access to food and I
water. % 400 |
[0]
2.2. Materials £
© 300
MS-153 was a gift from the Life Science Laboratory of ‘§
Mitsui Chemical( Chiba, Japan . Morphine hydrochloride -2 200
and naloxone hydrochloride were purchased from Takeda 2

o
—N

Chemical Industrie§ Osaka, Japan and Sigma St. Louis, : : . . .
30 60 90 120 150

USA), respectively. All drugs were dissolved in 0.9% 0

saline. Time after morphine administration (min)

2.3. Induction of morphine tolerance and dependence (B) AUC

For the induction of tolerance to and dependence on 20000-

morphine, the mice were subcutaneously injected with =

morphine hydrochloride twice daily at 9:00 and 19:00 h E l

for 5 days, as described previously Maldonado et al., %’ 15000+

1989 with some modifications. The morphine hydrochlo-

ride dose was progressively increased as follows: day 1, 10 2 100004

mg,/kg (only one administration at 19:00 h ; day 2, 15and &

20 mg/kg; day 3, 25 and 30 mykg; day 4, 35 and 40 ;0; 5000+ L

mg/kg; day 5, 45 mgkg (only one administration at 9:00 2

h), respectively. 0
Morphine Morphine
1 mg/kg 3 mg/kg

2.4. Measurement of nociceptive threshold
. . . . Fig. 1. Effects of MS-153 on the acute antinociceptive effect of morphine
The nociceptive threshold of the tail for mechanical i, the mouse tail pressure teét) A Morphine at doses @Z10) and 3
stimulation was measured using a pressure analgesimeterm, o) mg/kg were administered subcutaneously at time 0 in combina-
(Ugo Basil, Milan, Italy with a wedge-shaped pusher at a tion with or without MS-153 at a dose of 12.5 pilg, respectively. The
Ioading rate of 32 gs, and the pressure eliciting tail nociceptive threshold at each point is presented as the tn8da.M of

. . . . 9-11 animals( B The magnitudes of the effects of MS-153 on the acute
withdrawal was determined as a nociceptive threshold. Themorphine antinociception are presented as the AUC values of analgesia.

mice were habitu_ated to the procedure for measuring the yiorphine at doses of 1 and 3 g were co-administered with shaded
threshold three times. Next day, the threshold of each bap or without( open bar MS-153 at a dose of 12.5/tkg, respectively.
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Briefly, each mouse was placed into a plexiglass cylinder to acclimatize it to the experimental environment. After the
25 cm in diameter and 30 cm in height for 30 min in order 30-min habituation period, the mice were administered

(A).None (B) MS-153 1 mg/kg
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Fig. 2. Effects of co-administrations of MS-153 with morphine on the development of tolerance to the antinociceptive effects of morphine. Mice were
repeatedly treated with morphine at progressively increasing doses in combination with MS-153 at doéek of(1) B , 3 C (and 12/kg br mighout
(A) as described in Materials and methods. For measurement of tolerance to the morphine antinociception, the antinociceptive effects of single s.c.
administration of morphine at a dose of 3 yfig were measured in the mouse tail pressure test on d@)12 (a), 3(4) and 4(m). The nociceptive
threshold at each point is presented as the me&rE.M of 9—-11 animald. E The magnitudes of the effects of MS-153 on the development of morphine
tolerance on day 1—4 are presented as the AUC values of anal§&sia0.05, " “ P < 0.01 compared with the control group on each day Dunnett's
multiple comparison test .
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with naloxone( 10 mgkg, i.p.). Immediately after nalox- tive effect of morphine were investigated on day 1-4. On
one was administered, the mice were returned to theday 1, a single s.c. administration of morphine at a dose of
plexiglass cylinder and the number of jumps was counted 3 mg/kg elevated the nociceptive thresholds in mice,
for 40 min. Body weight was measured immediately be- which were not treated with repeated morphine yet. On

fore, and 40 min after naloxone administration. day 2 and 3, repeated treatments with morphine rapidly
reduced the antinociceptive effect, and on day 4, the
2.6. Treatment schedule antinociceptive effect completely disappeared as a result of

the development of tolerance to morphibe Fig.)2A . Re-
peated co-administrations of MS-153 at doses of 1, 3 and
12.5 mg’kg with morphine reduced the development of
tolerance to morphiné Fig. 2BID . The AUC values of
analgesic response of the groups co-administered with
MS-153 at doses of 3 and 12.5 pikg on day 2(P < 0.05
and P <0.01, respectively and day 8P < 0.01 and
P < 0.05, respectively and at a dose of 12.5 fkg on
day 4(P < 0.095 were significantly larger than that of the
control group on each day Fig. 2E .

On day 5, the effects of co-administrations of MS-153
with morphine on the naloxone-precipitated withdrawal

We carried out three experiments. In experiment 1, to
investigate the effects of MS-153 on the morphine
antinociception, mice not repeatedly treated with morphine
were acutely administered a single injection of MS-153
(12.5 mgkg, s.c) in combination with morphine 1 and 3
mg/kg, s.c) . In experiment 2, to evaluate the effects of
MS-153 on the development of morphine tolerance and the
naloxone-precipitated withdrawal signs, mice were given
MS-153(1, 3 and 12.5 mkg, s.c) in combination with
repeated morphine treatments every time. In this paradigm,
analgesic response to morphifie 3 fkg, s.c) was as-
sessed on day 1, 2, 3 and 4 at 14:00 h. In experiment 3, to
investigate whether MS-153 affects the development of
dependence on morphine or the expression of naloxone- (A) Jumps

precipitated withdrawal signs, mice were injected MS-153 o

(10 mg/kg, s.c) either for day 1-6 i.e. every tine , only
for the first 4 dayq i.e. excluding on day 5 or only on day 40
5 (2 h before the naloxone challenge in combination with . ]
repeated morphine treatments. £ 30
Q
2.7. Qatigtical analysis 5 20 +
All results are expressed as meanS.E.M. The statis- 104 ”
tical significance was calculated using a one-way analysis . y_l—|
of variance( ANOVA test followed by Dunnett’'s multiple
control 1 3 125

comparison test or Mann—Whitnéy-test. Differences with
P < 0.05 were considered significant. MS-153 (mg/kg)

(B) Body weight loss

3. Results 5-
3.1. Effects of MS-153 on morphine antinociception I l
(7]
w)
The effects of co-administration of MS-153 on the acute § G *
antinociceptive effect of morphine were investigated in 2 5]
naive mice not repeatedly treated with morphine. A single i
s.c. administration of morphine at doses of 1 and ¥kgy 8 1
elevated the nociceptive threshold, which peaked at 15—-30 5
min after the administration. Co-administration of MS-153 i
at a dose of 12.5 mgkg did not alter the acute antinoci- ool . e
ceptive effects of morphine at both doses of 1 and 3 MS-153 (mg/kg)
mg,/kg (Fig. D. Fig. 3. Effects of co-administrations of MS-153 with morphine on the
naloxone-precipitated withdrawal signs in morphine-dependent mice. Mice
3.2. Effects of co-administrations of MS-153 with mor- were repeatedly treated with morphine in combination with MS-153 at
phine on the development of tolerance to morphine doses of 1, 3 and 12.5 migg or without (control as described in

Materials and methods. On day 5, mice were administered with naloxone
(10 mg/kg, i.p) 2 h after the final administration of morphine, and the
naloxone-precipitated withdrawal jumgs)A and body weight l16s3 B
.. . . were measured. Each column represents the mé&B.M. of 9-11
The effects of co-administrations of MS-153 with mor-  himals during 40 min."P < 0.05, * P <0.01 compared with the

phine on the development of tolerance to the antinocicep- control group( Dunnett's multiple comparison test .

antinociception, and the naloxone-precipitated withdrawal
signs
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signs were investigated. In the control group repeatedly no significant effects on the naloxone-precipitated jumps
treated with morphine alone, i.p. administration of nalox- and body weight loss, although it tended to suppress them
one (10 mgkg) elicited withdrawal signs such as jumps (Fig. 4).

and body weight loss. Repeated co-administrations of MS-

153 at doses of 1, 3 and 12.5 pkg with morphine

significantly suppressed the naloxone-precipitated jumps 4. Discussion

(1 mg/kg, P<0.05; 3 and 12.5 mgkg, P <0.0D and

body weight losq 12.5 nmykg, P < 0.09 compared with In the present study, we have shown that co-administra-
those of the control group Fig)3 . tions of MS-153 with morphine significantly attenuated the
development of tolerance to the antinociceptive effect of
morphine in the mouse tail pressure test. The inhibitory
effect of MS-153 was observed at least for 4 days from
starting the repeated morphine treatments. Furthermore, we
found that MS-153 also significantly suppressed the nalox-
one-precipitated withdrawal sigis jumps and body weight
los9 on day 5. When MS-153 was co-administered with
morphine for day 1-5 and day 1-4, but not only on day 5,
the naloxone-precipitated withdrawal signs were signifi-
cantly suppressed. These data suggest that MS-153 attenu-
ated the development of physical dependence on morphine,
rather than the expression of naloxone-precipitated with-
drawal signs in this time schedule. In addition, these
inhibitory effects of MS-153 on the development of toler-
ance and physical dependence were not due to the reduc-
tion of the morphine’s potency for its antinociceptive
effect during repeated treatments by co-administration of

3.3. Effects of co-administrations of MS-153 with mor-
phine on the development of morphine dependence and the
expression of naloxone-precipitated withdrawal signs

We examined whether repeated co-administrations of
MS-153 with morphine affect the development of depen-
dence on morphine or the expression of naloxone-precipi-
tated withdrawal signs. Repeated co-administrations of
MS-153 at a dose of 10 mykg with morphine for day 1-5
(every time and only for day 1-4 first 4 dadys signifi-
cantly suppressed the naloxone-precipitated withdrawal
jumps (P <0.05 and P < 0.01, respectively and body
weight loss(P < 0.05 compared with those of the control
group. On the other hand, co-administration of MS-153
only on the day 5 2 h before the naloxone challenge had

(A) Jumps MS-153, because MS-153 had no effects on the acute
40 - morphine antinociception, although we cannot rule out the
] possibility that repeated administration of MS-153 might
304 affect the antinociceptive effects of morphine.
= A growing body of evidence suggests that the excitatory
é’ 20 ~ amino acid, particularly glutamatergic, systems are in-
3 * volved in the development of morphine tolerance and
104 - dependence. The findings that the non-competitive NMDA
i - "L‘ receptor antagonists, MK-801, attenuated the development

of morphine tolerance and physical dependence without
affecting the antinociceptive effect of morphite Marek et
al., 1991a,b; Trujillo and Akil, 1991 have focused the
interest of investigators in the involvement of glutamate.
5- Similarly, several other non-competitive and competitive

control day 1-5 day 1-4 day5

(B) Body weight loss

= il NMDA receptor antagonisté Koyuncuoglu et al., 1990;

2 . Shimoyama et al., 1996; Rasmussen et al., 1991 , AMPA
2 3] * I receptor antagonisfs Rasmussen et al., 1996; McLemore et
% ol al., 19979 and metabotropic glutamate receptor antagonists
s (Fundytus and Coderre, 1994; Fundytus et al., 2997 have
T 11 been reported to attenuated them. Furthermore, pretreat-
- ol ment with an antisense oligonucleotide to the NMDA-R1

control day 1-5 day 1-4 day 5 (NRl) subunit attenuated naloxone—precipitgted withdrawal
Fig. 4. Effects of MS-153 on the development of morphine dependence S|gns(_Zhu and Ho, :!'998 ! and_the expression of the NR1
and the expression of morphine withdrawal. Mice were repeatedly treated SUDUNIt MRNA was increased in the locus coeruleus and
with morphine in combination with MS-153 at a dose of 10 tkg either the hypothalamic paraventricular nucleus of morphine-de-
for day 1-5, for day 1-4, only on day 5, or withdut conirol as described pendent rat§ Zhu et al., 1999 . These findings suggest that
in Materials and methods. On day 5, naloxdne 10/kg i.p)-precipi- gl tamatergic systems mediate the neural and behavioral
tated withdrawal jump€ A and body weight loés) B were measured. lasticity r ible f hi tol d d ]
Each column represents the mea8.E.M. of 10 animals during 40 min. P y responsibie for morphine to e,rance an epen
*P<0.05," P <0.01 compared with the control groyp Mann—Whit- dence. MS-153, a novel cerebroprotective agent, has been
ney U-tes) . reported to reduce the depolarization- and ischemia-in-
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